W rist extension orthoses are commonly used as a component of treatment in occupational therapy. Therapists often use wrist extension orthoses for persons with rheumatoid arthritis to prevent deformities and undesirable movements, reduce pain, stiffness, and inflammation, and to rest or protect the joint (Callinan & Mathiowetz, 1996; Yasuda, 2002) . Research documenting the effectiveness of orthoses in achieving these outcomes and on the effects of orthoses on performance is beginning to emerge, adding to our understanding of orthoses. However, research on the effects of wrist orthoses on quality of movement is emerging for variables such as dexterity and lacking for variables such as smoothness and directness of movement. Additional research is also needed on the extent to which nonsplinted joints compensate for loss of movement at the wrist when wearing wrist orthoses. This information will help therapists anticipate the effects of wrist splints and educate patients in the best methods to protect their proximal joints. The purpose of this study was to investigate the effects of a wrist orthosis on the quality of upper-extremity movement and the range of shoulder motion during two tasks upon initial use of a wrist orthosis and after one week's wear in persons with no upper-extremity dysfunction. OBJECTIVE. The purpose of this study was to investigate upper-extremity kinematics and range of shoulder motion while wearing a wrist extension orthosis compared to the free hand at initial testing and after a week's wear.
W rist extension orthoses are commonly used as a component of treatment in occupational therapy. Therapists often use wrist extension orthoses for persons with rheumatoid arthritis to prevent deformities and undesirable movements, reduce pain, stiffness, and inflammation, and to rest or protect the joint (Callinan & Mathiowetz, 1996; Yasuda, 2002) . Research documenting the effectiveness of orthoses in achieving these outcomes and on the effects of orthoses on performance is beginning to emerge, adding to our understanding of orthoses. However, research on the effects of wrist orthoses on quality of movement is emerging for variables such as dexterity and lacking for variables such as smoothness and directness of movement. Additional research is also needed on the extent to which nonsplinted joints compensate for loss of movement at the wrist when wearing wrist orthoses. This information will help therapists anticipate the effects of wrist splints and educate patients in the best methods to protect their proximal joints. The purpose of this study was to investigate the effects of a wrist orthosis on the quality of upper-extremity movement and the range of shoulder motion during two tasks upon initial use of a wrist orthosis and after one week's wear in persons with no upper-extremity dysfunction.
Research on the effects of wrist orthoses on dexterity including hand speed for those with arthritis has demonstrated that hand speed in fine motor tests is generally decreased while wearing orthoses. The negative impact of wrist orthoses on hand speed seems to mitigate over time; however, wearing an orthosis continues to result in slower movements than the free hand on tests of hand function and dexterity (Pagnotta, Baron, & Korner-Bitensky, 1998; Stern, Ytterberg, Krug, & Mahowald, 1996) .
Persons with rheumatoid arthritis have reported fatigue and discomfort at the shoulder and elbow after wearing wrist extension orthoses (Stern et al., 1997) . This phenomenon could be explained by the biomechanical shift of effort to more proximal joints when degrees of freedom are lost with wrist immobilization (Carlson & Trombly, 1983; Chan & Chapparo, 1999; Millender & Nalebuff, 1973) . Recent studies have attempted to quantify factors contributing to proximal joint discomfort including the extent of additional demand on the shoulder resulting from wearing wrist orthoses.
Bulthaup, Cipriani, and Thomas (1999) compared short-and long-length wrist extension orthoses with the free hand while participants grasped and pretended to empty a can. They recorded muscle unit recruitment by surface electromyography for selected muscles in the shoulder, elbow, and wrist and found that the splinted condition produced significantly greater muscle unit recruitment than the free hand for four of five proximal muscles tested. Chan and Chapparo (1999) compared the amount of movement used by elderly men as they completed the Jebsen Hand Function subtests (Jebsen, Taylor, Trieschmann, Trotter, & Howard, 1969) when splinted and unsplinted. They found that participants used significantly more total degrees of shoulder movement when splinted than when freehanded. The results of these studies imply that more effort by proximal muscles and more range of motion at the shoulder occur when wearing an orthosis. Both of these studies documented the effects of orthotic use upon immediate application. They leave unanswered whether or not these effects are mitigated due to adaptation to the orthosis over time. Additionally, no studies to date document the effects of wrist orthoses on the quality of upper-extremity movement dynamics such as smoothness and directness of movements.
The purpose of this study was to compare the effects of a wrist extension orthosis to the free hand on the amount of shoulder motion (measured in degrees of flexion and abduction) and the quality of movement during stacking and pouring tasks in people with no upper-extremity dysfunction. Quality of movement is measured via movement units, movement time and displacement. Movement units are the number of accelerations and decelerations in a movement reflecting the smoothness of the movement. Movement time is the total amount of time from start of a task to finish, which reflects the efficiency of movement. Displacement is the distance the hand travels in threedimensional space reflecting the directness of movement toward objects. This study investigated these effects upon initial use of the orthosis and after 1 week's period of wear to see if there was adaptation in quality of movement and the range of motion used to perform the tasks. The study tested the following hypotheses that • there will be a difference in range of shoulder motion and quality of movement (as measured by movement time, displacement, and movement units) when wearing the orthosis compared to the free hand condition, and • there will be a difference in range of shoulder motion and quality of movement (as measured by movement time, displacement, and movement units) at initial testing compared to a week later.
Method

Design
This study used a repeated-measures, counterbalanced design. Participants performed two tasks with and without an orthosis at pretest and at posttest in one of four orders of presentation, thus acting as their own controls.
Participants
The participants were a convenience sample of 59 women from a Midwestern community between 20 and 50 years of age (M = 27.5 years, SD = 9.9). Participants were recruited verbally, via e-mail, and through signs posted at colleges and community centers. All participants self-reported being right hand dominant and having no upper-extremity dysfunction. The institutional review board approved the study and participants gave informed consent before data collection.
Apparatus
Two tasks, both requiring manipulation of common objects, were used to evaluate the participants' performances. One task consisted of picking up a 16-ounce vegetable soup can filled with 16 ounces of water (by weight) from its marked position 3 inches from the front edge and 6 inches from the side edge of the table, emptying its contents of water into a 6-inch wide and 3.75-inch deep plastic bowl, and setting the can back down on a spot marked at 7 inches away from the front edge of the table (see Figure  1 ). This task was similar to that used by Bulthaup et al. (1999) . For the other task, participants reached into the bowl previously described that was placed 7 inches away from the edge of the table and retrieved three 1-inch wooden cubes, one at a time, and stacked them on a mark 3 inches from the edge of the table. This second task was chosen during pilot testing because of the tendency to use wrist palmar flexion as participants retrieved the cubes. Using this task allowed the researchers to measure the effects on the shoulder when the wrist attempts to do a movement inhibited by the orthosis. Measurements noted above are to the forward edge of the can and bowl. Motion Analysis™ Corporation Hi-Resolution system 1 was used to measure shoulder range of motion and quality of upper-extremity movement. Four strobeequipped Cohu 4915 cameras recorded the movement of reflective markers with a sampling rate of 60 frames per second. The researcher calibrated the system prior to each data collection session.
Participants wore Smith, Nephew & Rolyan ® AlignRite™ long orthoses 2 on their right hands. This style of orthosis limits wrist movements, but allows movement of the fingers and thumb. It covers approximately two thirds of the forearm and is made of woven cotton-coated rubber fabric with a wrap-around wrist strap that provides extra support. It has four self-adhesive closure straps and a removable, adjustable aluminum support bar. The wrist was adjusted via standard goniometry (Clarkson, 2000) to a position of 15°to 30°dorsiflexion, as suggested by Stern (1991) .
Procedure
The researcher fitted participants with the correct size orthosis based on the manufacturer's recommendations. Self-stick reflective markers were attached to participants' right arms at the distal end of the fifth metacarpal, the lateral epicondyle of the humerus, the lateral shoulder surface just below the acromion process, and at the iliac crest of the pelvis. Participants were randomly assigned to one of four orders of presentation groups. The order of tasks and whether or not an orthosis was worn first or second varied depending on the randomly assigned order group. The researcher demonstrated each task telling participants that speed was not important and to move at their own comfortable pace. For the pouring task, the participants sat in front of an adjustable height table raised to 29 inches from the floor. When signaled to begin, the participants poured the can of water into the plastic bowl. For the stacking task, the table was raised to 34 inches from the floor (i.e., height of standard kitchen counters). The participants reached into the plastic bowl and stacked three cubes as previously described. The participants completed three trials of each task both with and without the orthosis.
Following data collection, the researcher gave the participant the orthosis and a recording form with instructions to wear the orthosis on the dominant hand for at least 4 hours a day for five of seven days and to record the days and times of wear. All participants documented wearing their orthoses at least the minimum amount of time. After 1 week, participants returned and repeated the data collection procedures described above.
Data Analysis
Motion Analysis data were tracked and visually inspected. Gaps of less than 1% of the total movement were joined. The raw data were filtered using a 4th order Butterworth™ 3 dual-pass filter with a cut-off frequency of 7 Hz. Custom computer algorithms were constructed to determine values of the dependent variables for each trial. Displacement and movement units were calculated from the positional time series of the 3-dimensional data. For displacement we calculated the absolute positional displacement from sample to sample and summed those displacements for the trial. For movement units we calculated the acceleration time series and summed the number of acceleration-deceleration units (i.e., zero crossings from negative to positive and from positive back to negative) across the acceleration time series. The shoulder range of motion data were calculated by EvaHiRes software version 6.0 1 . For each dependent variable, we calculated the mean of the three trials for each condition. All further analyses used the means of the dependent variables for each condition. Technical errors did occur with some participants' trials. The flawed trials were not used in the calculation of the means. Range of motion data for two subjects were lost due to computer error reducing the sample size for these variables to 57.
The Statistical Package for the Social Sciences version 10 (SPSS © , 1999) was used for statistical analyses. Exploratory descriptive statistics including means, standard deviations, minimums, maximums, and skewness for the five dependent variables were calculated for the stacking and pouring conditions at both pre-and posttest resulting in 40 observances. Of the 40 observances, five were skewed with values ranging from 1.008 to 1.552. Since the majority of data were normally distributed, parametric statistics were used for analyses (Motlulsky, 1995) . Alpha was set at .05.
One-way analyses of variance (ANOVA) revealed no order effects for the dependent variables. Therefore, we combined like conditions for the 2 X 2 (time [pre-and posttest] X condition [orthosis or free hand]) ANOVAs with repeated measures on both factors for each of the dependent variables. We calculated effect sizes (f ) for both main effects with each dependent variable. We evaluated the effect sizes based on Cohen's (1988) criteria for f that .10 is a small effect, .25 a medium effect, and .40 a large effect size. Because multiple analyses were done on the same data set, the percent error rate was calculated to estimate the percentage of significant findings that may be due to chance (Ottenbacher, 1998) . Tables 1 and 2 units, and range of shoulder flexion and shoulder abduction. Table 3 provides a summary of the results for each of the dependent variables. The 2 X 2 ANOVAs for each task and dependent variable revealed no statistically significant interactions. The results are reported below for all conditions with each dependent variable including the effect sizes f. In both the pouring and stacking tasks, the orthotic condition was significantly slower than the free hand, regardless of time of testing, F(1,58) = 8.7, p = 0.005, f = .12 and F(1,58) = 45.11, p < .0001, f = .30, respectively. Also, movement time was significantly longer at pretest than at posttest for both tasks, regardless of being splinted or free-handed, F(1,58) = 62.86, p < .0001, f = .33 and F(1,58) = 45.11, p < .0001, f = .14, respectively).
Results
Participants moved a significantly greater distance (more displacement) in the orthotic condition than in the freehanded condition in both tasks regardless of time of testing, F(1,58) = 41.57, p < .001, f = .27 and F(1,58) = 84.65, p < .0001, f = .45, respectively. The stacking task revealed no differences in displacement between pre-and posttests, F(1,58) = 0.03, p = .87, f = .009. However, in the pouring task, the participants moved a significantly greater distance at pretest than at posttest, regardless of being splinted or free-handed, F(1,58) = 4.18, p = .046, f = .11.
In the stacking task, participants moved significantly less smoothly (demonstrated more movement units) when wearing their orthoses than when freehanded, regardless of time of testing, F(1,58) = 23.19, p < .0001, f = .22. Conversely, there were no differences in smoothness between freehand and orthosis conditions for the pouring task, F(1,58) = 2.76, p = .10, f = .07. In both the stacking and the pouring tasks, participants moved significantly more smoothly (fewer movement units) at posttest than pretest, F(1,58) = 16.51, p < .001, f = .16 and F(1,58) = 48.99, p < .0001, f = .29, respectively.
In the stacking task, the total amount of shoulder flexion did not differ between the freehanded condition and the orthotic condition or between pre-and posttests, F(1,56) = 1.98, p = .17, f = .07 and F(1,56) = 0.37, p = .55, f = .02, respectively. In the pouring task, the total amount of shoulder flexion was greater when splinted than when freehanded and at pretest than at posttest, F(1,56) = 45.34, p < .0001, f = .25 and F(1,56) = 19.24, p < .0001, f = .23, respectively.
In the stacking and the pouring tasks, the orthotic condition resulted in using significantly more abduction than when freehanded, regardless of time of testing, F(1,56) = 134.63, p < .0001, f = .68 and F(1,58) = 84.5, p < .0001, f = .42, respectively. The total amount of shoulder abduction was significantly greater at posttest than at pretest when stacking, F(1,56) = 12.15, p < .0001, f = .13, but significantly greater at pretest than posttest when pouring, F(1,58) = 8.99, p = .004, f = .16. We calculated the percent error rate according to Ottenbacher (1998) as 100ca/M where c is the total number of comparisons, a is the alpha level, and M is the number of significant findings. The percent error was 9.37% indicating that, potentially, 1.5 of the 16 significant findings could be due to chance.
Discussion
The results of this study support the hypotheses, as there were many differences in quality of upper-extremity movement and range of shoulder movement when wearing an orthosis compared to freehanded performance. Additionally, several improvements in quality and range of motion after wearing the orthosis over a week period of time were demonstrated.
In terms of quality of movement, wearing the orthosis resulted in slower, less direct movement in both tasks and also less smooth movement when stacking. Effect sizes for both tasks were predominately medium to large for the differences between the splinted and freehand conditions. The movement time results are consistent with studies that have found that orthoses impede hand speed while worn (Carlson & Trombly, 1983; Pagnotta et al., 1998; Stern, 1991; Stern, Ytterberg, Krug, & Mahowald, 1996) . This study is the first to document the effects of orthoses on quality of movement variables of displacement (directness) and movement units (smoothness). Orthoses interfered with direct movement toward objects when pouring water and stacking small cubes. Additionally, when stacking, movements with the orthosis tended to be less smooth than when freehanded.
The majority of range of motion results supported the hypotheses. In the pouring task, the mean amounts of shoulder flexion and abduction were significantly greater when wearing the orthosis than when freehanded. The stacking task required significantly more abduction but no difference in flexion when splinted. The differences in range
The American Journal of Occupational Therapy 521 of motion findings for the two tasks indicate that compensatory patterns of the shoulder will differ depending on the task being undertaken. Since the orthoses reduced the degrees of freedom available at the wrist, the participants appeared to compensate by "hiking" up their shoulders, especially in abduction, in order to perform the two tasks. The effects were mostly medium to large in size. These findings are consistent with those of Chan and Chapparo (1999) , who found that the shoulder showed an increase in total mean degrees of shoulder motion when the wrist was splinted during the Jebsen Hand Function subtests (Jebsen et al., 1969) . This study also examined the effect of a week's orthosis wear on quality of movement variables. Movements tended to be slower and less smooth initially for both tasks and less direct initially when pouring. Effect sizes were mostly small to medium. The results corroborate the findings of Stern, Ytterberg, Krug, and Mahowald (1996) , who found that finger dexterity and hand function were significantly slower at initial testing than after 1 week of wearing an orthosis. This study documents that some adaptation to an orthosis also occurs over time for smoothness of movement and, in one task, for directness of movement. However, while improvements in quality of movement did occur, wearing an orthosis continued to results in poorer hand performance than the free hand.
The second hypothesis addressed whether there would be differences in shoulder range of motion at initial testing compared to a week later. Participants used more shoulder abduction and flexion at pretest than at posttest when pouring but not when stacking. Over a week, the participants learned that they needed less shoulder range for pouring than they initially demonstrated and that they needed more abduction when stacking than they initially demonstrated. This suggests that there was learning and adaptation during the week of wear but the relatively small effect sizes indicate that differences in range used over time were small. We did not give participants instructions for how to move in the splints during the week of wear, which may have contributed to small effect sizes. Future research is needed to investigate the effects of added instructions on the adaptation process.
In general, the shoulder movement results of this study are consistent with Bulthaup et al. (1999) who found more motor unit recruitment in proximal muscles when splinted than when freehanded. It seems reasonable to assume that the increased numbers of motor units Bulthaup's participants generated were directed toward helping participants compensate for the restrictive effects of the splint. It also appears that participants were generating more motor units to produce movement or isotonic contractions at the shoulder and not exclusively isometric or holding contractions. The tasks used in this study did not require extremes of shoulder range but were accomplished well within modest ranges. Therefore, one need not be attempting movements at the extremes of range in order to feel shoulder compensation for decreased mobility at the wrist with orthosis use. This increased effort and movement may explain why some individuals who wear orthoses have reported fatigue and discomfort in the upper extremity and neck (Stern et al., 1997) . This study shows that we can expect to see some shoulder range of motion compensation over time; however, the performance with an orthosis will probably not equal the performance found in the free hand, even after a week's wear.
Occupational therapists provide wrist extension orthoses believing that the benefits will outweigh any potential negative effects of their use. While we need more research to fully answer questions about the effects of wrist orthoses on a multitude of factors, we can be mindful of the potential of orthoses to amplify the amount of physical effort exerted by the shoulder throughout the day, and to reduce hand speed, smoothness, and directness of one's movement. Even though we may expect some improvement in upper-extremity performance when wearing the orthosis over time, performance will still lag behind that when freehanded. Recognizing that greater range demands on the shoulder and less overall quality of movement are potential results of wearing a wrist orthosis, therapists need to address coping mechanisms with patients. Helping patients anticipate that hand movements may not be as fast, smooth, or direct with a wrist orthosis may prompt caution when needed and may reduce frustration with orthotic use. In order to decrease stress on the shoulder, periods of relaxation may be beneficial as well as limiting orthosis use to times of particular stress to the wrist as appropriate to the individual's condition. Should similar findings occur among those with disabilities, these results along with research on other aspects of orthotic use needs to be considered when educating patients on the best use of their wrist orthosis.
As in several previous studies, we used a sample of convenience consisting of healthy, adult women free from upper-extremity dysfunction. Therefore, we must be cautious in applying the results to males and persons with upper-extremity dysfunction. The researcher initially placed the splints in a position of 15°-30°dorsiflexion, but could not control for any change that may have occurred during the week of wear. The test-retest reliability of the pouring and stacking tasks is unknown and could have contributed to measurement error. A final limitation was that the researchers were aware of the hypotheses of the study. To minimize experimenter bias, we followed written protocols and used the highly objective Motion Analysis technology to measure the dependent variables.
Further research needs to include individuals with diagnoses such as rheumatoid arthritis, osteoarthritis, carpal tunnel syndrome, and other disorders to determine if they perform differently than those without disorders. Research is needed to document longer-term effects on range and quality of movement as wrist orthoses may be used earlier in the disease process in efforts to prevent deformity and dysfunction. Additionally, this study did not address the optimal length of orthosis wear to achieve maximum adaptation. Future studies could compare results over several progressive time intervals to determine when we can assume that full adaptation to an orthosis will occur.
This study used two different tasks to better generalize results. Future research could investigate other tasks that stress the wrist in different patterns of movement. This would increase our understanding of conditions under which quality of movement is affected and more or less shoulder compensation is required. Such knowledge would help therapists be more specific in guidelines for maximizing the many positive effects and minimizing the potentially negative effects of wrist orthoses on range of motion requirements and quality of movement.
Conclusion
The results of this study suggest that therapists should be aware of the effects that wrist orthoses can have on a person's quality and range of movement, both when a splint is initially donned and at the end of a 1-week wearing regimen. In addition to causing slower and less direct movements, the wrist orthosis required greater range of motion from the shoulder when doing two tasks. However, this study was performed on healthy adult women and we should be conservative when generalizing these results to populations for whom wrist splinting is common. Future research needs to be extended to these special populations (e.g., people with rheumatoid arthritis and carpal tunnel syndrome) to investigate the effects that wrist orthoses may have on their upper-extremity function. A conservative approach to treatment would include cautioning patients that wrist extension orthoses use may require more effort by shoulder muscles and that hand movements may be less fast, direct, or smooth compared to the free hand. The results of this study add to the body of literature documenting the effects of a wrist orthoses on multiple dimensions of hand use and upper-extremity function. ▲ I ncludes a two-part videotape series and workbook providing the opportunity to develop skills in a non-standardized assessment of sensory integrative functions. Can be utilized with a broad range of children, of varying ages and skill levels in a variety of settings. 
